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ABSTRACT 

This report presents calculations of DF laser absorption coef- 
ficients for the Mid-Latitude Sunmer sea level atmospheric model     The 

are Ln? frfw" ^    "USe the ^^tion at each laser wavelength 
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ReSUlTu are
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comP^ed with those previously published 

tL ;/' McC1;t!?hey-    The calculated results are being used to guida 
the experimental measurement program. « yuiuc 
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I. INTRODUCTION 

The best information, prior to experiments, as to the expected 
molecular absorption coefficients at DF laser wavelengths are obtainable 
from calculations based upon the Air Force Cambridge Research Labora- 
tories line data tape[l].    Dr. R. A. McClatchey has published a report 
containing DF predictions based on the data tape[2].    The calculations 
presented here are extensions of that work in that: 

1) The list of laser lines is different.    Our line list 
includes all of the lines which have bt'en observed in 
our pulsed probe laser, some of which were not included 
in the McClatchey report.    Also we now have new wave- 
numbers for some of the lines, 

2) A small correction for the H2O continuum absorption which 
was omitted by McClatchey has been included.    The data 
for this continuum absorption is given in the report on 
the AFCRL line data[l] which in turn is based on experi- 
mental work done by Burch[3]. 

3) Our calculations are presented only for one of McClatchev's 
atmospheric models  (Mid-Latitude Summer) and only for sea 
level.    We have, however, given the absorption coefficients 
for each component gas as well  as the total  coefficient so 
that one can see the relative importance of each absorber 
at each wavelength. 

4) We have also made plots for each absorbing gas.    These 
plots generally cover 5 or 10 wavenumbers to a page so 
that the laser line position relative to the absorption 
lines can be clearly seen.    This is helpful  in deciding 
whether small errors in either the absorption or laser 
line positions could result in a large change in the pre- 
dicted coefficient. 

5)    Finally a calculation was made using a super-Lorentz 
line shape for the water vapor[4] in order to see what 
effect this would have on the coefficients. 

II.      DETAILS OF THE DF CALCULATIONS 

All  of the calculations were made for the AFCRL[5] mid-latitude 
sea level  summer model.    Table I lists some of the pertinent data.    The 
derivation of the various conversion factors used is given in Appendix A. 
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TABLE  I 
Source of Absorption Line Data:    AFCRL/GOAT TAPE 
Atmospheric Model:    AFCRL Mid-Latitude Summer 

T 

P 

p(H20) 

p(N20) 

p(CH4) 

P(CO2) 

pio3) 

N, 

p(C0) 

Continuum: 

= 294 0K 

=  760 torr 

= 14.2(3 torr 

= 2.13E-4   (.28 ppm) 

= 1.216E-3 torr  (1.6 ppm) 

= .251   torr  (330 ppm) 

= 2.31-5 torr  (6E-5 g/m3) 

= 5.70E-5 torr (.075 ppm) 

AFCRL Report 434,  Fig.  4.[1] 

H20 Continuum:    AFCRL Report 434,  Fig.  2.[1] 

Bound = 25 cm"1 

The calculated absorption coefficients consist of three components' 
Ui molecular absorption,   (2^ water vapor continuum, and  (3) pressure 
induced nitrogen absorption. 

The data for the mol 
using the AFCRL data tape[ 
frequency, strength, half- 
CH4, CO2, CO, O3, and O2 1 
our calculations a Lorentz 
25 cm-1 of the calculation 
Another program parameter 
a line strength less than 
to save computer time. Fo 
effectively include all li 

ecular absorption component was calculatpd 
1],    This tape contains values for the 
width, and lower energy state for H2O, N2O, 
ines in the wavelength band of interest.    In 
line shape was used with all  lines within 
frequency being included in the summation. 

(SLOW) allows the exclusion of lines having 
SLOW from the summation if desired in order 
r this report SLOW was set to 10-27 to 
nes in the data tabulation. 

The program computes ^n T = ■ 
transmittance, k is the absorption 
u is the absorber amount in mol-cm" 

u where T is the fractional 
■H and coefficient in  (mol •cm 

The line strength is defined as S = /kdv and is in units of 
cm '(mol-cnr^r1. The halfwidth is in cm"1. The Lorentz shape is 
given by H 

0 
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(1) k = L 
S.   a. 

1     1 

1   ^[(v-v.r +  a.4"] 

corrected llZn^^'T-.and half-widths are given at STP and must be 
corrected to model condmons.    We have used the following relation 

1.    Halfwidth 

(2) 
rp \fj] cx 

a     =  a.    \ J-]   -9 1       io[pJ[T 

The effective pressure P [8] is given by 

(3) 
Bpa 

+ Fpf 
Pe =       760      atmospheres 

where P = 
a 

B = 

F = 

absorber pressure in torr 

broadener pressure in torr 

self-broadening coefficient 

foreign-broadening coefficient, 

^iiminFnrn?Itr09erVF ^ e5Ual to one and the empirical values for 8 
assuming nitrogen broadening, are given in Table II for each ga?[8]! 

TABLE  II 

B BX CX 
N20 1.24 1.0 .5 
CH4 1.3 1.5 .5 
H20 5. 1.5 .62 
co2 1.3 1.0 .58 
03 1.0 1.5 .5 
CO 1.02 1.0 .5 
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The exponent CX is also given in Table   II.    Althouqh theoreti- 
cally CX = 0.5 for all of the gases, we have used for H2O and CO2 
the average empirical  values originally suqqested by Calfee and 
8enedict[9]. 

The line strengths were corrected to the model temperature by 
use of the  relation 

(4) S. 
i 

'V BX 

10    T 
exp •E" T -T  ] 

0 
T T 

0 

where k 

E" 

= 0.6951  cm"1/deg K 

= lower energy state in cm      from data tape 

The coefficients BX for each of the molecules are listed in 
Table II. 

The absorber amount, u, was computed from the formula 

(5) U =   .733952 x 1022(p /760/T)-i    mol-cm"2 

a 

where pa = absorber partial  pressure  in  torr = ppm by volume x 10"6  x P 
T    = model  temperature in deg  K 
*    = path in cm. 
p   = total pressure in torr. 

Our program accepts the absorber partial  pressure Pa in torr 
with the values given in Table I being used for the present work. 

The AFCRL mid-latitude summer model   gives the sea level  H2O 
density as 14.1  gm/nP and using Eq.   (3) of Appendix A the resulting 
pa is 14.26 torr. 

a 

It is  useful  to note that there are 2438 water lines tabulated 
on the data tape between 2400 and 2850 cm"1  of which 2150 or 08% are 
HDO.    Also a composition -actor of 0.03': for the HDO was assumed in 
compilation of the tape[lj.    It is noted that this composition differs 
from the value of 0.027% which was given in the earlier water vapor 
data compilation by Gates, Calfee, Hansen and Benedict. 
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It is necessary in connection with the comoutation of absorber 
amount to have conversion factors between various systems of units 
Although thTs information is available elsewhere[5,10] the derivations 
and resulting constants have been given in Appendix A of this report. 

The water vapor continuum and pressure induced nitrogen 

ofSReference0flfl1ClentS ^ deriVed from Fiss-  2 and 4'  respectively. 

Figure i which was derived from the experimental  data of BurchfSl 
shows the wavelength dependence of the water vapor continuum absorption 
coeffTcient for 14.26 torr water vapor at sea level.    The sea level 
absorption coefficient for 2960K and 14.26 torr H20 is gi'ven by 

k(v)  = 1.813 x 1025 P2 C°(v) km"1 

where Cs is from Burch's data and Pa is the H20 pressure in atmospheres. 

Note that Burch[3] measured a Cs/Cb of approximately 8 whereas a 

A? n^nL5^ ^STd in theJine by line calculations, see Table II. 
Also note that the Burch results used here  (296 0K) are actually 
extrapolated from measurements made at higher temperatures[3]. 

Figure ii shows the nitrogen absorption coefficient at 2960Km 
The calculations in this report are all for a pressure of one atmos- 
phere,  thus the values from Fig. ii  are used directly. 

III.     COMPUTED MID-LATITUDE SUMMER ABSORPTION  COEFFICIENTS 

The calculated results for 30 DF laser lines are given in 
Table III.    The six components which make up the total  absorption 
coefficient are tabulated separately. 

The AFCRL data tape lists no CO lines between 2400 and 28^0 cm"1 

^n-B^6 wne absorDtion coefficient at the 30 DF lines was less than 
10 0 km"i  for a concentration of 6 x lO'5 

gases are not included. 
g/m3.    Therefore these two 

-1 Except for six DF lines between 2546.42 and 25')4.25 cm ', nearly 
all of the absorption is caused by water vapor and nitrogen.    For these 
^.„HjTrL20 *bsorJtion.is a significant factor.    In the concentrations 
assumed,  CH^ absorption is a nrnor factor for all  lines. 
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Fig. i. Water vapor continuum absorption coefficient adapted 
from Burch #4784[3] for PH^= 14.2 torr and 

T = 2960K at 760 torr total pressure. 
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There is also a remarkable uniformity in the calculated ropf- 

nTatyS 39 V % Y' ^^  ^exception be^nlheTo^ ine at 2638.39 cm -.,    The laser lines miss all of the regions of 
intense absorption.    This fortunate situation will  also be clear 
from an examination of the plots to be given in a later section. 

Table IV shows the output spectrum of a 200 watt DF laser which 

TABLE IV 
Distribution of Power for TRW 200 Watt DF Laser 

Including Mid-Latitude Summer Absorption 
Coefficient from Table HI 

Line Iden Percent Coefficient 

2496.77 3-2,10 .8 
2521.81 3-2,9 3.6 
2546.42 3-2,8 2.6 
2570.51 3-2,7 12.8 .061 
2580.10 2-1,10 2.6 
2594.25 3-2,6 4.3 
2605.80 2-1,9 5.6 
2617.44 3-2,5 .8 
2631.06 2-1.8 12.3 ,0353 
2655.85 2-1,7 11.3 .099 
2680.17 
2691.61 

2-1,6 
1-0,9 

12.8 
.5 

.0584 

2703.99 2-1,5 1.0 
2717.54 1-0,8 4.G 
2743.00 1-0,7 4.1 
2767.97 1-0,6 6.1 
2792.43 1-0,5 4.1 

100.0 

was constructed at TRW, Inc.    Fifty percent of the total power is 

f o!1--iV01" "ri i"-7uand 2-16' 2-17. and 2-18.    For the 
I rJu ■      ?? Percent of the absorption is caused bv No0 and N? with 
N20 being the most importa-.t.    For the above 2-1 lines from 86 to 99% 
of the absorption is due to water vapor. 

w +hTablV ?h°ws
u
the spectrum of the TRW propagation test laser 

and the predicted absorption coefficients from Table III. 

i-naritttittiw"'■-'■"■ -^"-^ii^int1flltf1lr—'■•'■■■"^^"■-^- —■■ -'■' -liitiiiiiiiiaiMf mTiiinüiitMMiiiMlnirr I ■ninimimiinm-'^-"''1""''—'- -'-'- ^^'Wiiftimiaimnanim^iiiHi>Mriiiririii>iliiiiliti''ritM --■-■- -■' 



TABLE V 
DF Laser Calculated Absorption Coefficients  for Mid-Latitude 

Summer Sea Level Model with Normalized Relative 
Intensities of DF Lines in TRW Propagation 

Test Laser (3 cm Active Length). 

I den 

4-3,7 
3-2,10 
4-3,6 
3-2,9 
4-3.5 
3-2,8 
3-2,7 
2-1,10 
3-2,6 
2-1,9 
3-2,5 
2-1,8 
2-1,7 
2-1,6 
1-0,9 
2-1,5 
1-0,8 
1-0,7 
1-0,6 
1-0,5 

Freq 

(cm-1) 

2496.77 

2521.81 

2546.42 
2570.51 
2580.10 
2594.25 
2605.80 
2617.44 
2631.06 
2655.85 
2680.17 
2691.61 
2703.99 
2717.54 
2743.00 
2767.97 
2792.43 

Normalized 
Relative 
Intensity 

.08 

.045 

.163 

.102 

.08 

.364 

.489 

.07 

.688 

.244 

.432 

.648 

.693 
1.00 

.248 

.307 

.494 

.670 

.642 
.21 

Absorption 
Coefficient 

(km"1) 

.0492 

.0362 

.0438 

.061 

.0679 

.028 

.0392 

.022 

.0353 

.099 

.058 

.080 

.0285 

.114 

.0602 

.087 

.0737 

IV.      PLOTS 

In order to pro-'ide additional  insight into the molecular 

we^^no0;^^: ^^ 0f N20' CH^ J ^ «-X 

Fia    iTheThpatLrJaP0
1

r E10tS %J^ include the water continuum of 
IJ\        Ihe.^ter Plots are for 15 torr HoO at 2940K    i e     a 

Pa Mel r^lj; f 80
Trf

ent' a t0tal  ^^ oV eJl^r and a 
Sarked   9 ^    The laSer wavelengtHs of Table III are clearly 

10 
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In all 54 p1 
The path length wa 
varied from 0.1 to 
Table I that these 
1.3 x 10-3 torr as 

are mostly useful 
vicinity of the OF 
absorption coeffic 
data on either the 
example, see the 3 
Fig. 8; 2-1 P(3), 
plots for the four 

ots were made.    Figures 1-18 are the CH4 plots. 
s one km in all cases.    The CH4 pressure was 

30.0 torr to produce an onscale plot.    Note from 
partial  pressures are all much greater than the 

sumed in the sea level model  atmosphere.    The olots 
in examining the nature of the spectrum in the' 
laser wavelengths in order to estimate which 

ients from Table III may be in error due to incorrect 
absorption line or laser line positions.    For 
2 P(8)  line,  Fig.  3;  2-1  P(9),  Fig.  5; 2-1  P(7), 

Fig.  14; etc.    It is interesting also to examine the 
high power laser lines given in Table IV. 

Figures  19-35 give the plots for N2O.    Again the path length 
was one km and the partial  pressure was from .002-30 torr as compared 
to the sea level model which contains 2.3 x lO'^ torr N2O. 

Figures 36-54 give the water vapor plots.    In this case the 
path length was increased to 10 km and the partial  pressure was main- 
tained at 1., torr. 

Experiments are being undertaken at Ohio State University where 
DF laser sources are being used together with a one km multitraversal 
absorption cell or an acoustic spectrophone in order to obtain direct 
information as to the accuracy of the predictions which have been given 
in this report. 

V.        COMPARISON TO AFCRL CALCULATIONS 

We have attempted to compare our results with those reported 
earlier by McClatchey[2].    First, the calculations presumably use 
the same input line-data, namely the AFCRL GOAT tape[l].    Nevertheless 
differences  in the results were noted which presumably must be due 
to differences in some of the other variables.    There are some 
differences in approach where one cannot say that one is correct and 
the other not.    Also we have not had a copy of Dr. McClatchey's 
computer program so that we are not entirely sure that the information 
given below is correct.    Nevertheless from a study of some of the AFCRL 
reports[l,2] we have concluded that for the measurements reported in 
AFCRL-72-0312 the following data was used: 

BOUND = 20 cm"1 

BX as in Table II 

CX       = 0.5 all ga;ies 
Mid-Latitude Summer Model  as in Table I 
Lorentz line shape 

B = 1.0 all  gases. 

11 

—..,.-■ ;^1..,^ J......,.WJ, -■"^"•^""""liiil-imflrtil^ililtli  '—■-■iiiniii'iiMiMiwintiimMiiii. -  ■    ■-  -' iMiriiini1i>..iiiiii„l-«ii.>.n      rmrni mninimiii ■   -  ^ 



>-t. i, jjj-«>riiiuua^jjjjtii|iiua.i^p«pnpniiiiini^^ 

OM 6*0 
1 
8*0 

i 1 r- 
L'D        9*0        S*0        Ti-O        E'O 

33NÜiiIWSNüyi 
Z'Q 

r 
TO O'O 

I 
I 

CD 

12 

^^■.^■■..^-^--■^.■^..^i^,,.-^^^ J 



'm*mmwv*>9m'^»'*.:mwmivwmmiimmmm'm..msmfismm aBSBFrS1. mmmmmmmmmmmmmm 

L! 

T—=r 
9*0        S'O       fi-0        E'O 

33NtillIWSNÜHi 

CM 

cn 

r 
I'D O'O 

o 

13 

Mut******** uumm -— ■■ "•-—-"'■'■--■-:- Minir-iMiiir'1"'^—"'—— 



pf "  «|v|,^lJ^^«wl«wlmII!w^lPHBpp^l«PW!JlWW•*■^>»',lll■■l|-,l m^mammm !•   WVUHW ""'■■, PWWPwBPSWBHiliPWBPBPIPwimWWBWPWPPOW^^ 

d< n a 
i: p CO 

CJ a 4 • aj 
*-♦ in 

*• •• 
nr: __, 
nr; u. 
5J »• t- (.') 

nr: L^- UJ 
UJ p 
ta (- 
n: Z 
D n CL 
l/i a X 
m r. Q 
CE er i- 

OM B'.O       Ö'Q i'O       9*0       S'O       fi'O       E'ü 

14 

2*0 l'O O'Q 

D 

00 

cn 

111 

■ifiü«u««i»A&«aMU(anikuwiM ikiiartfatan^lMiiMiVrrr-^'-"-^-^-^""^ hrta^nftMiittB^^'^-^""^" ^w .,.,l.....,-,..._^J^^..^ti.;„1^A. in^aymnilti ^TfltfiiiriinlffliriiiK^^ 



T 

■v-     "^ 

C71 

HONBiilWSNöyj, 

15 

 u.    - -—  -' ■ iriiimniiiitillmir«Mr1iiinMiiii . ' —       --  ■  inmllrlMMTii i ill« ml imi«-«i^":J-""-' iMJ 



BBK^ftKwmBgssmsm 

L'Q B'Q       S'O       Ti'Q 

33NUliIHSNHyi 
E'Q       2'0 

T 
TO 

tu 

: 

16 

  ■—»---^—^.^-.■--...■, „..,    , ,-   ,    i,rriii'«.iM-n1tllllilBiMtlliM»fUinM'W'-J"J '"-■|lili<lfr»-«i«MhMlltrtiiiillMrntll»^11ntlMiM^ ..■.,.-.■■... ...-..■J......J—..-^..J..^.; 



i.ijiiJwjtuii.piailuii.ijiiiM.m 
■■MnM  ■ 

cn 

h*0        E'Q 
U3 
(\i 

17 

-■^^■-"■""-■■---• -'■- __ iMiiin«».«>.ii*i -^  ---  ■  '   iimülMMiimiiimfiiiiii 



mmmmmmim. trmemmm mmiwmmviimmmwwmmmß. mmmmmmmmm 

r 
DM B'Q 8'Ü        L'Ü        9-Ü        S'Q        h'Ü        E'O        ?.'Q 

aaNöüiwsNöyi 
r 

PO 0*0 
n 
(n 

en 

18 

- - niMimttilMliMfiiiii 



r mm Lmv.wwmm.wmvißi mmmmimmmmmmmmmmvi tmmwivmm mimwmmmwMmimm 

i 
L'D S'O       S*Q        Ii'O       £-0 

33NÜilIWSNüyi 
2*D 

r 
ro 

00 

D1 

0*0   u, 

I 19 

M.!,..,,.!^ u.^.^^. -«_^ tfLrt^^r.^. ^O«, 



!mam mmmmmmmm mmw. mmmmM'Mfm. 

a . 
« o 
O D 
LQ Cl 
r- « 
L« 
^«, 
a: .-. 
DC ^ 
EJ cc 
^ UJ 
»- h- 

Ul 
UJ X 
tc *- 
n 
in x 
tn »- 
UJ u 

(<^ oc z 
r^ a. uj 
■^ —i 
(a _i 
OJ en x 
s. »- ^- 
1a o a 
a r- a. 

n" a n 
X n oa 
u C3 • 

in O) 
« uo 
•« .  •• 
ai , , 
a: u. 
CJ 

»* ̂ — 13 
a: w. UJ 
UJ n 
tn t~ *-• 
rr ■2: 
tn n n 
(TS Kl a: 
(D X. Ul 
a. cc r- 

0*1 
T r 
6*0       8*0 

-, 1 1 r 
i'O       9*0       S'O       Ii'Q       E'O 

33NÖllIWSNöai 
2*0 

r 
TO 

Li! 

O'O n 

!U 

20 

MUM 1 iWiMfiittiltifcrf r 'm iU-aÄ «a. I ffiMnfui. ti1itm1niirniiliw>iii 



mmzmmmmm •VMWPPPP wmmm*mmmmmmmmmm. wmmmmmm ««munwwwuiuw 

n 

1 1 r 
(3*0       S'ü       h'O 

30NÜiiIWSNByi 
E'O       2*0 

T 
TO 

en 

0*0 
IJt? 

Ui 
tu 

21 

. iMi'iiiiBiMliriii ilnWiill1llllli1llini^lr^ilarl^-''^^'■*^'^^■"^■-■'■■>--^-^"■^-J''^----■^-^'•--' ■■'-'^^■'''■••^■'■■■■~-"'Ji-M^M"^MmntmitimtiieiktM\MUiiii mi in miii ii ,.-.  



I llIWUIiLWV ^UfliWliHU-fMWffMlli '^^W«»^?WBfP«W^PP!BP*niWPPI^IEIBWWWP*W5Pi mm**w*mm!mm 

a . 
• a 
o a 
io a 
r- — 
— 
oc .. 
tr. „ 
o a: 
r- uj 
•- r- 

Ut 
lu X 
oc <- 
3 
(r>  x 
(n i- 
UJ u 

en tc z 
r~ a. tu 
s. _J 
01 >J 
a ct X 
>, h» »— 
in D cr 
o h- Q. 

St IT) a 
X CT ro 
U « • 

t.3 ai 
m i« 
•• 
^_ M 

u: , 
r: u. 
r.T 

M h- UT 
(T. w. UJ 
lu n 
an r- 
cr. Z 
?) .-1 n. 
in (0 X 
<a X lu 
a; cr h- 

O«, 

— Q. 

It 
CVI Q. 

—1 1 1 1 1— 
OM        ß'O       B'O       L'Q        9*0        5*0       fTO 

33NBiiIWSNtiyi 
e*o    2'a 

-i— 
TO 

- a 
o 

r- 

o 
D 
ö 

o 
a 

(D 

r- 

o 
a 

io 

(VJ 

a 
a 

(\l cc 
LU 
CD 

n 2: 
03 

— LU 

a: 
0 

m 
o 
p» 
M 

r n a 
ia 
a 
r- 

o 
a 

- o 

r o o 
(VJ 
D 
r- 

- a 
a 

O'Ü a 
IM 

22 

■iiiiiihTrirtiifir-'iivniti'm-irw-^""'^-^- ""•^^''^^'W^lrliillli^ 
J 



II i ■MIII<1W.PIÜIÜ,I)UMII mmmMW^ww"** wmm>imßmmM.«}um*m wmHmvx&'G?' 

=f D n 
T. a CD 
tJ C) • « O) 

3" to 

*« 
V» 

rr , 
m u. 
o 

M f— (.) 
tc *— bj 
UJ n 
m t- w 
tn T: 
CJ 3 a. 
in r; X 
03 X UJ 
cc (K »- 

OM 6*0       8*0 
T 

i'O        3*0        S'O        fi'O       £'0 
33NliiiIW5Nüyi 

2*0 
r 

TO 0'D (M r- 

CD 

^ 

23 

■^ 



«.i.iiiu...j,mupu»i »PMiiiwiijwi>wuuu><iPtuiiiikvi«!imii<i«iiii«^iJ>«minniennii,uiiii.wui« wmmimmmmmm.-. 

OM       B'O       B'O L'O       9'0       S'Q       fTQ       E'Q 
^ONÜÜIWSNüyi 

24 

2*0 I'D O'O 

Ü 

^- _^^ 



By?*!qiB»W^iffM^WWJW!lttW:lFll'M|i|^^*ff"W'Wff'l''MWW'Jii|-M^'^iiJii»>r*^MjiwjlillWJl wmm^mmim^jmim^^^m'm^mvmiimnmmKmi^mi^mBm'imiirKSlRim 

jONüiiiwsNyyi 

25 

^■J.-.-..,-^^...,^,,^^^TiinitmtiiWiil^''^""^'''"'-,-''"-'^1»tMW^ 



mmvmmmim ismmmmmmmmmmmwm IPäa^M'^WPPR^^^IHI 

LD 

ft p D 
X n OO 
(.J u « 

U) 0) 
• LO 
i« 
^, »• 
c ̂ ^ 
It-. U. 
D 

I« h> ta oc w U-J 
III p 
CO h« w 
a: v: 
tJ _) b. 
in D 2-. 
m X UJ 
a. a. r- 

O'l        6*0       B'D L'Ü 9*0     s'o     tro 
aoNbiiiwsNyyi 

E'O  2*0 1*0 Q'Q 
U7 

r- 

26 
' 

^^UJU^^^U^U^^^U^^^^^ULL 
...-,.■ .,;..,  _..   



8V«W iWWHpuvmiwiuwijl^ l.,l.UlJra»UI(UWi 

I 

Q'\ I'D       B'O 
T" 

i'O       9'0       S'D        h'D       E'O 
33NUiJ.IWSNUyi 

a-o TO D'O 

27 

^t_lk^MB. -— - fe-^^,^ •M MMÜ 



uwiww/jiWMLiuiwnHiWM4»Mmppiniwim?nii^^ |ilMH)<IHWjUWMlWAl!WWWawy!HB»,^ 

um 

n" o D r a O) 
u a ^ 

fi 0) 
« 10 
M 

#—« « 
rr. ̂_, 
cc u. 
83 

M l- LO 
rr. w# lU 
;u Cl 
rn t w 
nr: a: 
T) 3 Q_ 
n u x; 
in X UJ 
CE u: H 

0*1 G'O     a'o 
i 1 r 
L'Q       9'0       5*0       VO       E'Q 

33NüiiIUSNHÜi 
\'0 'Q     «J 

(O 

Ü1 

•• i 

28 

'■ ■ , "-■•-—"■•^äüuaimnr "■-■'—-■- i i ..^... - -  ■'    -    ■   -~" 



r WMUPHMH («!l.ll(Jlpi|W!ll!if!*li JILIIWMUHIWll^lillh.UILIIUII III!       I mm 

o . 
« a 
a □ 
UJ □ 
r- « 
M 

cc .. 
oc ^, 
a tr. 
h- UJ 
W f^ 
W 

tU X 
DI >- 
3 
(n X 
(n t- 
UJ in 

m in -^ 
r- ü_ UJ 
S, -j 
in _i *~* a: ac 
-v l- r- 
r- 53 cn 
□ h- a. 

d1 n n r r) ca 
CJ a 

« CD 
>-< UJ 
e* 
*— *« 
cr. ̂ ^ 
oc lu. 
t.l 

** h- 13 
n- w< UJ 
UJ n 
ttt (- ^ 
cc X 
D n a. 
tri D ̂ c 
öS UJ 
(X u; i- 

QM 
T 

S'O       S'O       Tl'Q 
33NbliIWSNdyi 

E'Q 
T 
I'D 

oo 

O'Q 
in m 
m 
(Vl 

^.v«^«;«^.«,-^.*-..-!«^^ 

29 

^^...^.^u..^.,.^ .^„^ 
""•^■^^-'^"- 



r^lMUIlllMWIPPPIippil^lWlllHWillWWJWtlHHIII wmmmmmm 

en 

en 

D 

6*0       fi'O I'D       9'D       5*0       Ti'O       E'O 

33NHllIWSNüyi 

30 

Z'Q TO       O'D 

j^^.  WV!..;^ 



w^mmmmmmm. wMAmmmmmmm ••M.i < IIIMUIIK wmmmmmst vmtm in-fs^rnfsaswin 

i 

I 
I 
f 

I    w 

o 
o 
in 

O 
D 

- r^ 
3" a; 

a 
o 
(n 
(■>- 

O 
a 
rvi r- 
iVI 

o 

Ui 
o 
CM 

ä ^      en 

ex 

I 1 1 , J— 
L'O       9*0       G'D        h'O        £'0        Z'Q        TO 

33NÖiiIWSNHyi 

o 
a 
di 
U3 

r a 
D 

CO 

3" 
-  (U 

D 

r- 
- va 

3« 
- (VJ 

a 
a 

to 
3» 

-   C7 
D 

O'O 
in 
in 
IT 

31 

■mmiiBniiHT  



"iWHW»WWJÜ^ •mmmwmifmmmmimmmmmmn^^^mmmmmmfm iiji u'.j\jivimmf*mri'mimmmimmmmf^Hm. «JW»»   PP«lMU««WPiiJl<"JUi««i)ll>IJJJ4«l#»)Ul 

T 1 r 
L*0       9'0       S*0       h'Q       E'D 

aoNüiiiwsNtiyi 

32 

r 
2*0 TO       O'D 

in 
07 

CD 

iil 

.. 

I 

■imwuaiiiwir'-—^-"-;-j ""■----•—"-^iirtir'riüiifciiiiirtfiiii *'■'■—•■"tu-,"iii^liaJi[iii-iiirifi'i['i-ii iini i iniiiin'rtitfiiiilriiiiiitiiMiiTnitrttffiMifT rHnhi ■■ *C.Li.-.^iLm^-.*i^.~:< . ~,*.~.-^~^t ^ >.. ■ ^ ^ .   ^ „.„i. 



mammm smmmrnm*'. 

I 
I 

I 

i 

f 

9*0       S'O        h'O 

aONHiilWSNöyi 

33 

E'O       Z'D 
T 
TO 0*0 

a 
rvj 
m 

CM 

a; 

r iniiniiiiwiii — -   ÜÜi UWbMMl 



A 

CM 

Ol 

9*0   S'D   fi'O 

33NHliIWSNHyi 
E'D       Z'Q 

T 
1*0 

I 

I 

O'O U7 

in 
aj 

34 

E^..,..-,^.^. >^.. :.^^^^^^^^mi^^m^^U^; nirntMlllilli ,-—-"——> ■ - "^■«^^^^ " "^'-'-"--"^'^•^^^"■^"^-" Wlf HMiniiBiriUliiiiii'iliililrintturwm^i [- iniii 



8*0 £'0 9'0       5*0       h'D 
33NdJLiIUSN!fciHi 

£•0 
T 
2'0 TO 0*0 

tn 
to 
m 

CD 

35 

Mi     «Hi.« iriinr'""'-"'-"''! iiimiiiMir"^- ■■ -^  -a"-- -•-'■■ ^.^,--M-,..^.     rii  ^nl|ly«|lhlm>^'iir^,-^1"'^•■J••^'^' ■imfiliMiMMKiiii nilin'iiiiilllfa^-'-'""--       ^ 



CM 

I 

D 

i 1 r 
9*0        S'O        fi'O 

HONtlillWSNüyi 

36 

0 
0 

- - ■■■■■'—-"•      r|t,M||i|mi||^ti^^v^.J^-^^^^^^ .....■..-...■.^.w-,,- 



n n a 
(M a V) 
■x: a « 

•~i o> 
• to 

•♦ , . •« 
c: ,„, 
(T. u. 
o 

— 1- 13 
az «~. h.1 
U/ n ca t- •— 
!C ^r 
tn n n. 
in n X 
03 T- UJ 
a. a. (- 

OM B'O 8*0 
1 1 1 1 r 
L'ü        9*0        S*Q        fi'O        E'O 

30NBliIWSNHyi 
Z'O 1*0 0*0 

CM 

CT 

37 

*"^^'^"'-    rin-Miinrafrtrum rmn  ^.■^. -, 
■. ■  ■       ,      . ..    ■ 

"^•-^^■•"""'iiittirtiimifiB-iiliiiilfiillliiifm-riiti'il'iiri —'  n ii mlii i urilliil 



CM 

en 

, 

.,    :  ■ 

i    li 

O'l        ß'O        ß'O L'Q       9*0        S'D        iro        E'D 

HONÜlilWSNÖÜi 
Z'a     TO O'O 

38 

•iiMM^iiiiiti^^-'^-^'^'riiiiiiimiiiiriiaiiriMfiiiifiiiiMiMniii^ i i^iiinn <iiii ■■ iri iir1Hmiir1iMiTtil'i«1lliltfltlfmftri,tiiiiiliilllMrt1iiMiiilitia«nH«iiiiii1 



■I'l 6'D 9'0 L'Q        9«Q        c'O        ft.Q        E.0 

.BGNbiilHSNH'di 
2*0 

r 
ro 0*0  2 

ID 

00 

tn 

. 

39 

toiilin ii iiiiririfn liiMimrMM iininiiTI-iWiirtamiTi«^-'''"'^"^'^»^^^^^^ iiimlrhlfltMlillMIWililMilrilllii-Wlrilhl^lltfiriltriiVillmrtllilt 



CM 

CD 

n 

' 

9*0        5*0        Ti'Q 

33NHliIWSNdyi 
2'0 

T 
D'O 

D n 
U) 
CM 

40 

hram      ■       -■ .---a^J -^■-■v.^ji-l^^^^^;|lrl»^M,l,lllMn^.-.^^.^JK>,..,.».^^j^.jL»^.^..-,..  „nimnnnanif-'.-——■.■■■.■» ,-.■.,..,..■.......,■.-■—...■■.. ,..—■--...v-.----j^^-imjij,.«.     l>^».a.^..l,JJ,.;.,-mli|.|,l||t.,l1i.s^,.t,«^^..„^,..  _J 



n p n 
OJ 5 m z 5 « « 0) 

in IX> 

t* ^^ t« 
iii ^-* 
cr: u. 
M 

1« (- 1.0 
r^ wy UI 
hi p 
to l~ w» 
tc X 
p -i n. in a X en ■a: UJ 
cc cr 1- 

o 

OM B'O S'O L'O       S'O       S'O       fi'Q       E'O 
33NtlJ.iIWSNtiyi 

41 

^_J.....—■„■.—t.— _.  — --^ ^ Il|irt——--M„.-.^  —^.w.. .■...—■-.... iff 11 Miiiiriinr  - — 



CO 

33Nt)iiIWSNHyi 

42 

Mimmm/Ui ■—^— J.„-„.l^.^.. 3i.mi    ■ ■' -»■■Ji«-" ■'■•■• ■ 



•- 

ü" 1 B'O        Ö'Q i'O       9*0       5*0       fi-0       B*0 
aONBüIWSNByi 

43 

3*0 
r 

TO O'O 1/7 

r- 

CO 

cr. 

, 

 ■--   ■--^—^^.^L-^^.. 
^■--—■■- -    --      -   "• — akKd^lLU, ^^4 



D n P 
rw ct 03 
X a < 

K-t O) 
« lO 
M 

f4 

rn ̂ ^ 
tr. u. 
K) 

«• K- t.T 
DC w» lu 
UJ t-T 
m ►- \~j 

tr. K 
83 r;) r.. 
in U a: 
ai X UJ 
a. CE t- i r 

9*0       S'O       Ti'O 
33NüiiIWSNHUi 

44 

E'Q Z'Q        I'Q 0*0 
□ 
en 
tu 

u 
u 
IJ 

CO 

en 

..^.i^^.^w..-....^-^...^^.-—■-.•■....^.--.■»—J^...^—»■-^.■^-■'■■"^-'■^^fiiintifi'-iiiiikfiiitf.iT.iiiaM^^^^--^  ■"'■'    i iiiif lll^ll^lMitili^i^lliilii■r''■;"-'^•' ■   ■^■■■■^.•-^■ih. ^--■-^-^-■-■ jnhtWiB [ir i ifi>iVi'«mMB 



a • - □ 
a a 
to □ 
r- ^ 
•« ^_, 
m .. 
in _ 
a cc 
I- w 
- i- 

Ui 
Ul  X 
OC '-' 
=i 
m s 
in t- 
IU L3 

in 1C 2 
r- C_ UJ 
s. _l en —I 
i^H a: 3: •s h- (- 
t- 53 CE 
a h- a. 

CO 

ai 

Q'l 8'0       S'Q       L'Q        ST.        S'O       fl'Q       E'Q 
aaNbiiiiwsNyyi 

2*0 
1 

TO 
in 

tu 

45 

»^-^-...^^.■-^^.,^,^,.^..^^..,.J.w,.^_^^^^..^..i.w^^^.^a,^^.,.^j.ii^a..^....^.....^ r■ll^llMlh^ll^^fr'^^I^MllWl"^^^*^^^^-^■^"■W■'^■-'^^■-^^^•^^'^■^^^^^      ■^k^--^ "J"— ■    .   -...-.  



9*0   S'O  Ti'O 

33NyilIWSNöyi 

in 
00 

O) 

£•0 1*0 0*0 R n 
IU 

46 

i n M ■mmriaiiiiMawtMiirniiiMM« ...*— in in nma iniiiiMiin M^^u^^ju^tMLj^wiillMjil^^ "■•"** 



o D D w a en 
r « * 

U'l OJ 
*~t IU 

** 
^H •-• 
in ^^ 
in u. 
tj 

14 H- (.-) 
IT. k^- 1U 
U) a 
to 1— Vrf 

tr. 7- 
M ^i n. 
(/i n s <o 2. u 
u. cc 1- 

00 

i 1 r 
L'ü       Q'O       5*0       Ti'Q       E'O 

33NHiiIWSNtiyi 
D-a o 

47 

- -- -——■- - -'■■■ tätaäü ■■^'-"J^~^"iiinil'II•[»Mlilir^■"■■■"'•■ ■•■•-•-■ iiir'iTitiia^ 



tf^mimmmmKimKmmmmi^^^^^^^^^nmrmmmm ■uiiuanajiJiiMi "■■•'i1 

a a 
- o 

a a 
U3 O 
r» •-• 
#« ^^ 
tc ~ 
a: -, 
D (C 
h-  UJ 
w. ,_ 

Ui 
UJ X 
a: = 
^i 
tn x 
tn h- 
UJ  u3 m tc 2: 

r> a. UJ % -j 
r- _i 
M cr x 
V 1- h- 
r- D a 
a 1- a. 

0*1 B'O S'Q L'O 
1 1 r 
9*0     S'o     fro 

33NHiJ.IWSNtJyi 
E'O       2-0 TO 0*0   IS 

a" 
tu 

CD 

48 

- —  ■-—■■' ■—■—^^^^m.^~-«aJtüm.w..^^.^«aL^.'J<.          .,   ,*^v**~^*l^L^^^Ü**£fcm,r   ^ f rtliii1ifflMatfiliitfMflifl(rtitfnJAtftflTiJ','J--',-,1:"-'":' 



■ imm.mm'iww'J   ' „ IJ«! j ■lipi,l«jl.lij.lL|jH.iapii|ppppgpppi!DinBin|pi WWfP^wPWWWIliPWpiSWWPPflW 

O'l B'O 8*0 L'Q        9*0        S'O        h'D        E'O 
aaNtUiiHSNHyi 

2'Q ro     o'O 
w 

00 
CO 

en 

49 

*■■- ^-^ ■-'■^^■—-'■■"■*•'"-'"'•'■— '--'"■-ii^iiiinwTifiiiiirtmii   -'- - •-  iiiim  i   i -.-^mj^^itwu^^i^i—^.   --    -  



wimmmm i mi i I»,I i ai i ii,- ui» •.mni'm amnmt mmm*Mm>m.j>mmmM\m^mmmmmmmm mumr^mmmmmmfim 

O □ 
- O 

o a 
ta a 
p- « 

M 

cc   >. 
IE  _ 
t3  CC 
»--   UJ 
«-   »- 

UJ 
UJ  X 
DC  <- 
rj 
(n X 
tn h- 
Ul   LD 

(T) (C 2 
h- n_ Ui 
N, _■ 
r> _i 
r-l a: x 
s }- t- 
r^ a cc 
o »- a. 

_ w 

00 T 

^ 

n n D 
IV a as 
X 4 « 

if} O) 
r-« to 

»• _^ •* 
w. ^^ 
ic U. 
K) 

•4 H n 
rc Ul 
UJ ci 
CD ►- 
tc s 
n D n_ 
tn D i; 
tn 3Ü Ul 
u. Ct i— 

CVJ O) 

QM 
-i r- 

S'Q      ß'n 
T T —r 1— 

L'Q        9*0        S'U        h'CI       E'Q 
33NHiiIWSNt)yi 

2*0 
-T— 
I'D 

r.7 o 
ri 
(O 
in 
rvj 

O 
O 

m 
- PJ 

in 
■ I\J 

a 
a 

co 
cu 
m 
CVJ 

o 
D 
r- 
nj 
m 
cu 

D 
a 

io tu 

UJ 
ca 

a s: 

in .r 
cu-*' en 

rc 
o o 
a« 
CM 
in 
cu 

□ 
D 
tn 
cu 
tn 
cu 

D 
a 

ru 
cu 
UJ 
tu 

a 

■ tu 
m 

I" w 

D 
a 

Q'D D 
M 
in 
ru 

CTl 
ro 

Di 

. i 

i 

50 

— — — ■ liTTWI^-" ^  ittHMMmmnn -—TMi.ij-iimni    m „.^.-^-^-^u,.^ in« m.iiiMlnnifWiimlnl.n i    11. m ■ ■"■* 



p amw ■ ummivw'jM&mmwyX^wiem PW^ m!mmmmmmimmmmmm$'mfi'm*i'w>**&*mmmm m^mwmumimiJHitm 

cst a. 

O O 
- O a a 

LU a 
r- -f 

M ,_« 
tC  M 
m „ 
10 IT 
t-  u 
— i- 
w 

UJ X c: «- 
=J 
tn T. 
IS)  1- 
UJ LD 

at tn 2 
r- a. ui 
S -i r> _i »-« cc x 
N »- i— 
r- ED cr 
O t- a. 

i r 
9'0        S'O        h'Q 

33NbllIWSNüyi 

r 
a a 
in 

at 

□ 
D 

3* 
in 
in 

■ o a 
to 
m 
in 

a a 
rvi 
tn 
in 

a o 

in 
in  
tvCE 

LU 
CO 

02: 
i/i rj 

cr 
o o 

E'Q       2'0 

—,— 
1*0 

m 
in 

a a 
m 
rr 
m 
w 

□ 
rr 
in 

a 
a 
ID 

in 
■ (V 

o 
o 

o 

CD 

Q'O    S 
m 

51 

KStt  ' ■-—- mlmäkut inililiriiiimiiftiiiii 



»w—""WiililB Mmuiitmiwmvm*mmmm 

DM B'O 
1 
B'D ^.'0       9'Q       g-Q       ft.Q       E.0 

33NBJ.lIWSNyUi 
Z'O TO 0*0 

m 

' 

52 

^u^uu^u^ 



up ■ u iuinmw,u«!uiuJ.-WA wsntrsf^nmlimfm lUlllllHVUlJlllJWllll M«IIW|WeW4llJimi|ll.«*.IW4^WlL.WW«'lIHIW!ll-l,lu«!»" 

i r 
9*0       S'Q        Ti'Q       E'C 

aONUiilUSNUÜi 

CM 

lU 

53 
\ 



nppinmivapp jiu JI n jm I w MJ I > iii*iim«iiii#i.niaiimn.ujii»iiiw»«ii!.u »iiit.i-wwj«i!iw,.inii.tiii»uiiw.ii«i»,u««i«|,«Jii*i iWWItWIUIIIi.iM^'JlWAimWlWPIWKiM'IIWMPWpi 

. 1 

"■ -1. 

QM S'Q B'O L'O 
T 

9*0        S'D        fi'Q 
33NtiiiIWSNüyi 

E'O B'O 
r 

0-0   2 
tu 

54 

.>,.^.J^^,.a^.^iaiaJ^>J^.^:..^^^aM|1..|,)|i||||.., id-y^^^,...^^... .-,.^-^^. ■.(^-.--i^t:^. •   ■  ■»-■..■, 



■■"W*'»".|w"w w*KHmmmmm&mm*iii!mHm*mwmfmmmmmwmmm**m mmmmmmmm mc^mmr ivwmtw 

u 

. . 

D a a 
i\j a ai 
r. « « 

\n 0) 
*~i (U 

*« ^^ v* 
IC , 
IC u. 
D 

K H u 
rr. Vw ItJ 
LU u 
>>■. 

r- *— 
o 3 a. 
in FT s 
a.i UJ 
ex; tx 1- i r 

9*0       g'O       Ti'Q 

HONHiilWSNöyi 
D 
CO 

D 55 

^"-"'-■-'■^anartfi«Mf<iiiinitr^Viiiiiiinii«*iiiiiiTini(ri(i '—'-"-■"■ iwiiiHMrfiiiiiMiiiini rnlMjiiiiiiMi-ifniiiir-'-'-'"-'-'-"-''-'---'"- .rinaniaiiM'iWiti'iniim'iiiiii"^-"-^^ — •"iifMriliiiitiMli]i'ltriiiHHlii,"-"J;"^-'—^--—-" ' - 



a: - 
re -, 
53 oc 
»-   UJ 
- i- 

UJ 
uj a: 
cc «- 
3 
in x 
(n i- 
Ul u 

r\ a; 2 
r~ a. UJ 

en 

9*0      S'D       fro 
33NÜXiIWSNHyX 

56 

MUXUiU»»  A ... „_,. 
 ■•—  



i mmimmm '»,"«J|"|« <■« ■ iMmmnumtu mmmmmmmmm 

o a 
. a 
a a 
ia a 
r^ *-> 
M 

or. .- 
tc „ 
a a: 
1- UJ w ^- 

lu 
UJ X 
m *- 
=J 
tn x 
tn i- 
UJ u 

on cc z 
l^ OU UJ 
x _J 
t- _I 
»^t cr x 
s. i- i- 
r- a a 
u t- a. 

T 
9*0        S'D        fi'Q 

aoNdiiiwsNäyi 
B'Q 2'Q I'O O'Q 

in 
r- 
tu 

: 

■Z  en 

i 

57 

«nni- ■n... ■- ■ ■■      



mmmmi^^mmmmmmmmf* mmmmmumi \/f^mi\wm'Kßmmi™^mf.n»KimKiMiMimmm mMmm^M^mmmmmf* 

a a • a 
a a ta a 
r- « 

or. ^ 
a tu 
K U 
«- >- 

bJ 

rj 
tn T. 

10 13 
tn (c z 
c-  Q_ UJ 

r- 
o 

Q a n 
(V a en 
I « « 

u-i CO »-« U) 

M _ M 

fi 
OC u. 
K3 

►* H u 
DC Iw U) 
U) n 
ta 1- v- 

rr; 8! 
El 3 n, 
i/i a X 
tr5 r: U) 
U. cc 1- 

O) 

Q'\ B'O       B'Q ^0        9'ü        S'O        TTQ        C'Q 

33NyiiIW5iMHyi 
2'0 

r 
O'O 

a 
a 
tvj 

58 

^^•^•"--- ^ ^ —- ^—.«. 



UiMiimm i.i "l|.1 'mr' • ii»N»(iPu»iii|iii»ui.iiwpM>^rwoBP«wwr t-mmmmmmnuMmmm Jwuii<«lMMn«wwi 

D'l B'O       8'Q 4*0 9'Q        S'O        h'Q 

aaNüiiiwsNByi 
r 

S'D l'Q O'D rvi 

co 

59 

Mi. ■;*, fgMmmamm .„„■...„....,-..—^..„^. .  ^m 



I  IIUIIIPU I vmmiL'-M mmmm smmm* mvmm mmmm 

en 

B'O       8*0 9*0       S'O       Ti'O 
33NüiiIWSNb!yi 

0*0   ° 

60 

Li LS    iMIihlHuteif—"J-M--"-i—'^^^"^"^^-^-'Ifilfn'irTiriiirHiii JflMMtMiiii^Bfi^tohaMrtflB^i^^iaMiiaa^ ■ win iTriiaiiiiirn'iin 1«' -■-■  



..■aMwtMi.mi^MwwmjjMUMiiujiiniUriiiiija^iiii wi« Li)ap.l«llJi-|iwmipilJW.il«l-WiU»i.Hl«ii 

a a 
• o 

a a 
\n a 
r~ « 
M 

j 

(C   .. 
tr. „ 
«a a: 
t-   Ui 
*- ►- 

UJ 
lu X 
(U •- 
rj 
tn x 
(n »- 
IjJ U 

ffl tc z 
r- a. u 
~x -J 
r- —i *-* (X X 
N t- >_ 
r- a ct 
a t- a. 

o 

P 

33NdiiIWSNyyi 

61 

„„^„^ '■"l--"-——' -- ' ~ —■- J ...: , .■.::  --■--^'^"-«" MaiilltlMIHflMH ««11 11 



OM 6'Q 8*0 
T 

^.•0       9*0       S'Q       Ti'Q 

33Nt)ilIWSNtlUl 
E'O       2'0 

r 
TO O'O 

u 

Vü        LD 

cn 

62 

■r n    \**rm*\fi-    i -.. ■-. ,... —-"■"- .J^i^i 



V3 D a 
W a to 
r. «      • 

tn a) 
-■. ifl 

M 
•->     M 
cc. _ 
a. u. « «• r- u 

tr. v-    UJ 

UJ a 
tu ►- w 

tc ■x 
M 3 (U 
(r> rj 2: 
m :i: uj 
IX cc 1- 

: 

; 

CM 
in 

Dl 

O'l 6*0 L'Q        S'O        S'Q        h'O        E'O 

33NHiiIWSNyyi 

a 

63 

'"^ — -   -  •-       nimniiiir  «-rwniiiMinBiiiiiiftmrnniiiiMMMaiMM iiiii'inrinmilr"''^-" itinniriMmi-■■■'"■'■"■''''■''''"" .^-iJ».......r- ..^..u^i^^-.—'-""ai-ii.if>i'iiifci 



^^^^^^^^^^^^ ■ "" 

9*0  S-0   Ti-0 

33NHiiIWSNdUi 

r 
£•0 

: 

CO 
ID 

01 

I 

i 

»■* 

2'0       I'D 0-0   12 
CO 
tu 

64 

I 

 — —    I\nl nMllrniT—""-- ■mmiiifiimM^r'^tmiMiiMiTriiiiiriiiii' ^^^.         .JI d 



mm ' .immMmimui'mm-Jii   M - mmmmmmw-mmmmximiLm^mmn^-M^^im^uKtmjmmm'mmKmimfi mmmmmmmmmmpkMimi*Jmmmf?*gm!m 

o a O 
:\] CJ aj 
r. 4 « 

u-I O) »-* Ul 

■« , , •* 
re ^^ 
u: u. ra «« »— U 

(C *— lü 
Ul n 
ai H WJ 

T. Z 
^-J ^J a- 
in E3 y. 
tu Jt UJ 
tc CE t~ 

9-0       S'D       Ti'O 
33NüilIWSNbül 

65 

<3- 
Lf) 

CD 

—-'"'- ««tu ——— 



'm^Mff^mmm^wm^mmmimtm-^v^f-*^1^^**■ ^WP^SW mivmmwimmtmm-.!-w1 mwrnnMNW W.IJü J m-'" ■.'-'i' tg. .■ J'UIPWiwmmin11 <■ w^i^gpjwjigiJ.tinHJI .11 miirnjiiim .iii mtmih m s^^wM^sppwrn^s 

u 
SLOW was set to include all lines on the tape. DF line frequencies 
were for the purposes of the comparison set to the values in AFCRL- 
72-0312. 

The results of the comparison are given in Table VI.    The water 

TABLE VI 

LINE 
kAFCRL FREQUENCY LINE 

k0SU AFCRL * 100 (AFCRL) IDEN (REPT.   72-0312) 

2445.29 3-2,12 6.706E-2 7.007E-2 + 4.5 
2471.34 3-2,11 4.925E-2 5.598E-2 +13.7 
2496.61 3-2,10 3.057E-2 2.966E-2 -  3.0 
2500.32 2-1,13 2.445E-2 2.547E-2 + 4.2 
2521.81 3-2,9 1.521E-2 1.556E-2 + 3.0 
2527.47 2-1,12 1.419E-2 1.516E-2 + 6.9 
2546.37 3-2,8 3.262E-2 3.286E-2 + 0.7 
2553.97 2-1,11 1.462E-2 1.730E-2 +18.3 
2570.51 3-2,7 5.098E-2 4.316E-2 -15.3 
2580.16 2-1,10 2.808E-2 2.929E-2 + 4.3 
2594.23 3-2 6 9.654E-3 'I.154E-2 +19.5 
2605.87 2-1,9 2.337E-2 2.425E-2 + 3.8 
2611.10 1-0,12 8.700E-3 9.085E-3 + 4.4 
2617.41 3-2,5 4.165E-3 4.571E-3 + 9.7 
2631.09 2-1,8 7.276E-3 1.500E-2 '    +106.1 
2655.97 2-1,7 4.094E-2 4.480E-2 + 9.4 
2665.20 1-0,10 1.861E-2 1.621E-2 -12.9 
2680.28 2-1,6 4.569E-2 4.930E-2 + 7.9 
2703.98 2-1,5 4.132E-3 4.875E-2 +18.0 
2727.38 2-1,4 2.663E-2 3„623E-2 +36.0 
2750.05 2-1,3 3.023E-2 1.324E-2 -56.2 

vapor continuum was not included in our computation since it was not 
included in AFCRL-72-0312[ll]. 

Predictions made on the basis of the data tape and using a Lorentz 
line shape are not expected to be accurate to any better than 10 or 20 
percent and in some cases at CO laser wavelengths we have experimental 
data[4] indicating that a much larger discrepar.-.y exists.    With respect 
to calculations made at two locations it is not clear why large dis- 
crepancies occur for some lines when the calculation and data input are 
supposedly identical. 
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I 

In a calculation involving so much input data, it would probably 
take a significant joint effort to discover the reasons, and then it 
might simply be a legitimate difference in approach.    At the present we 
do not have the funds to pursue the matter, if indeed it is worth 
pursuing, but we did feel  that completeness required us to make the 
comparison, especially since we were using Dr. McClatchey's data and 
did not wish to make an obvious error in doing so. 

The over one hundred percent difference for the 2-1 P(8) line 
bothers us since it is one of the high power DF lines, see Table IV. 

Finally we should comment that the calculations were repeated 
using a super-Lorentz line shape[4] for water vapor but the results 
were nearly the same as for the Lorentz line shape.    This is in 
opposition to the situation at 5y where the water vapor coefficient 
was found to be very sensitive to line shape.    Perhaps the reason is 
that here we do not have intense absorption lines so that the calcu- 
lated coefficient is due to the lines near the calculation frequency. 
This could be tested by sharply lowering the value of BOUND to see 
if the effect on the absorption coefficient is small.    This was not 
done, however. 

Finally one notes that Table III includes predictions for 
nine 1-0 band DF frequencies which were not included in AFCRL-72-0312. 
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APPENDIX A 

We are indebted to Calfee[9] and McClatchey[5] for much of the 
material below. 

^       Conversion Factors 

A.    Conversion of (atm-cm)STp to molecules cm"2[5] 

The molecular weight, M   of any gas in grams occupies 22.4136 
liters at STP[12J so one cm^ of any gas at STP weighs 

M  .        grams. 
2.24136x104 

Since  1  atm-cmSTp is equivalent to one cm of gas at STP per cm2 

1  atm-cm^p =  -^ j   gm on"2  . 
2.24136x10^ 

Avogardro's number[12] can be used to comp 
of molecules per cm3 of any gas 

ute the number, n, 
any ga; 

n = ^02252x10^     =2.687016xl019 molecules cm"3. 
2.24136x10^ 

Hence the desired result is 

(1) one atm-cmSTp = 2.6870xl019 molecules cm"2 

B.    Conversion of precipi table centimeters of water 
to mol cür? 5 

M 18.016 1  atm-cmCTD u2n = — , 
STP'H0     2.24136xl04       2.24136xl04 

1  atm-cmSTPjH 0 = 8.03798x10"4 gm cm"2. 

Using the constant developed in paragraoh A, above we have the 
desired result 
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(2) 1  pr-cm = 3.3429xl022 mol  cm"2 

C.    Partial  pressure of water vapor from 
der isity and temperature .13]. 

From the referenced tables we have the relation 

where 

P = 
10 a ö p /760 
 ra 

]    +   OiJ gm m -3 

a = weight of one cubic meter of dry air at 0oC 
and 760 torr = 1.29278 kg. 

6 = density of aqueous vapor relative to dry 
air = .62168 

p = partial pressure H90 in torr 
a L. 

a = coefficient of expansion of air for 10C = ,00366, 

Rearranging we have the desired result 

(3) pa = .9456 (1 + .00366 T) p torr a 

where T = temperature in deg C 
3 

p = water vapor density in gm/m 

D.    Preci pi table centimeters FLO from partial 

pressure, temperature, and path length 

w = P^ 

Using the relation from paragraph C, 

1.05821 p    •  10"6 

W = 1  + .00367  (ToK - 273.13)   ' 

where ^    is the path length in meters 

p^ is water vapor pressure in torr. 
u 

10' 
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Since the third term in the denominator is nearly unity, we 
can write 

(4) _ 2.8834xl0"2 Pa  A 
pr-cm 

E.    Conversion to atm-cmSTp from pressure, 

path length, and temoirature of samp1e[5] 

atm-cm Äpa      273.13 
STP      760 

(5) atm-cmSTp =  3.5938xl0"1    -—- 

where a = absorber pressure in torr 

'    = path length  in cm 

T = temperature in deq K. 

F-    Density computed from partial  pressure, 
molecular weight, and temperature 

This is of course the Gas Law 

-    P. 
(6) P -  1.6035x10" 5    Pa M 

gm cm 

where p = pressure in torr 

M = molecular weight 

T = deg K. 

G.    Partial  pressure of water vapor fron 
mixing ratio [14] 

(7) r P 
a     .62168 + r torr 
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where r is the mixing ratio and P is the total  pressure in torr. 

From the data in the AFCRL models  (5), one should compute mixing 
ratio as follows: 3 

(8) 

Note that the constant .62168 in Eq.  (7) is the ratio of the 
molecular weight of water vapor to that of dry air at STP, i e 
18.0153/28.9785, see reference 12.    In the Smithsonian tables  (14) 
the value used is 0.62197 apparently based on older molecular weight 
data. a 

H.    Ozone partial  pressure from density for AFCRL 
mid-latitude summer model   (5) 

(9) p.  ^ x 760 x 6-0 x 10"5, torr 
1.191  x 10^ 

where d = air densUy at STP = 28.9785 (12), 
q = molecular weight of ozone = 47.9982  (12), 

and 6.0 x 10" g/m is the density of ozone and 1.191 x 103 g/m3 is the 
air density, both at sea level, of the AFCRL mid-latitude summer model. 
The result is 2.31  x 10-5 torr. 
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